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f rom normal  rats.  This f inding is p robab ly  a t t r i bu t ab l e  to  
the  lower levels of c i rculat ing t e s tos te rone  in an imals  
t h a t  can ne i ther  see nor  smell  8. Tes tos te rone  has an 
i m p o r t a n t  s t imu la to ry  inf luence on normal  renal  g rowth  6. 

Rdsumd. Chez les ra t s  qui ont  subi  une ab la t ion  de la 
g lande pin6ale, la pr6sence s imul tan6e de per te  de r u e  et  
d ' anosmie  emp6chen t  la croissance compensa to i re  de 

l 'ovaire  chez la femelle et  celle des glandes surr6nales chez 
la male. Une  h y p e r t r o p h i e  du rein provoqu6e exp6r imen-  
t a l emen t  apr6s une n6phrec tomie  unilat6rale n ' e s t  pas  
modifi6e par  la per te  de vue et  l 'anosmie.  

R. J. REITER 

Department of Anatomy, The University o/ Texas 
Medical School at San Antonio, 
San Antonio (Texas 78229, USA), 13 March 7972. 

Biological Properties of Synthetic Ser4-ArgS-Oxytocin (Ile3-Ser4-Arginine Vasopressin): Role of the 
Residue No. 4 in the Hormone-Pressor  Receptor Interaction 

The isolat ion of oxy toc in  and  arginine vasopress in  
f rom the  neu rohypophys i s  of several  m a m m a l s  1,~ has 
shown t h a t  these  two  nonapep t ides ,  a l though  s t ruc tu ra l ly  
ve ry  s imilar  ( they differ  only  by  2 res idues  in posi t ions  3 
and  8) ac t  on d i f fe ren t  receptors ,  since oxy toc in  is re- 
sponsible  for t he  u te ro ton ic  and mi lk-e jec t ing  act iv i t ies  
of t h e  g land while vasopress in  accounts  for t he  pressor  
and  an t id iu re t i c  act ivi t ies .  A hyb r id  molecule w i th  the  
res idue No. 3 of oxy toc in  (isoleucine) and  the  residue 
No. 8 of arginine vasopress in  (arginine), called arginine 
vasotocin, has been  syn thes i zed  and  th is  pep t ide  d isp layed  
on m a m m a l s  the  4 ac t iv i t ies  m e n t i o n e d  above  S. The role 
of res idue No. 3 for t he  in t e rac t ion  w i t h  oxytocic  receptor  
and  t h a t  of res idue No. 8 for the  in teract ior /  w i th  the  
p ressor -an t id iu re t i c  recep tor  were t hus  disclosed. 

More recen t ly  t he  iden t i f i ca t ion  of a new neurohypo-  
phys ia l  ho rm one  in b o n y  fishes, isotocin (Ser4-IleS-oxy - 
tocin) (ref. 4) has  shown t h a t  the  subs t i t u t ion  in pos i t ion  4 
does no t  decrease s t rong ly  the  ra t  oxytocic  ac t iv i ty  of 
the  nonapep t ide ,  a resul t  in ag reemen t  w i th  some d a t a  
p rev ious ly  ob ta ined  w i t h  syn the t i c  4 - subs t i tu t ed  analo- 
gues of oxy toc in  5. Fu r the rmore ,  syn the t i c  Thr4-oxytoc in  
is abou t  twice  as act ive  as na tu ra l  oxy toc in  ~. E x c e p t  the  
res idues  4 and  8 which  can be subs t i tu ted ,  the  o the r  
amino  acids of the  molecule  seem necessary  for t he  
oxytoc ic  ac t iv i ty  a l though  the  e amino  group can be 
r emoved  v. 

A b o u t  t he  amino  acids involved  in t he  pressor  ac t iv i ty ,  
which  is associa ted  w i t h  t he  an t id iu re t i c  ac t iv i ty ,  it  has  
long been  k n o w n  t h a t  a basic res idue (arginine, lysine, 
orni thine,  d i aminobu ty r i c  acid) is necessary  in pos i t ion  8 
(ref.~). Only a few analogues  of vasopress in  w i th  subst i -  
t u t ions  in o the r  pos i t ions  have  so far  been  synthes ized ,  
so t h a t  t he  re la t ive  i m p o r t a n c e  of these  posi t ions,  in 
par t i cu la r  t h a t  of pos i t ion  4, is poor ly  known.  Ser4-Arg s- 
oxy toc in  (or I le3-Ser4-arginine vasopressin)  has  recent ly  

Table I. Amino acid composition of synthetic Ser4-ArgS-oxytocin 
(number of residues per mole, aspartie acid being taken as reference) 

Amino Theoretical Oxidized sample Reduced sample 
acid values 46 nmol 38 nmol 32 nmol 52 nmol 

Asp 1 1.00 1.00 1.00 1.00 
Set i 0.89 0.90 0.95 0.85 
Pro 1 1.11 1.53 1.09 0.78 
Gly 1 1.03 0.92 1.10 1.09 
Iie 1 1.02 1.01 0.99 1.03 
Tyr 1 0.68 0.42 1.04 0.92 
Arg 1 1.00 0.89 0.95 0.97 
Cys 2 2.40 2.11 -- 0.67 

been  synthes izedS and  a s t u d y  of some of i ts  biological 
proper t ies  has  now been carr ied out.  

F r o m  ano the r  po in t  of view, because Ser4-ArgS-oxy- 
toc in  has  a serine res idue in posi t ion 4 like hormones  
found  in fishes (such as isotocin of te leos ts  4 or g lumitoc in  
of rays  9) and  an arginine residue in posi t ion 8 like arginine 
vasotoc in  found  in all n o n - m a m m a l i a n  ver tebra tes ,  th i s  
pep t ide  migh t  be a c o m m o n  evolu t ionary  precursor  of 
these  ho rmones  in a ve ry  p r imi t ive  species. I so toc in  and  
arginine vasotoc in  are s imul taneous ly  p resen t  no t  only 
in Neopte ryg i i  4,10, n bu t  also in some Paleopterygi i  such 
as Polypterus12;  on the  o the r  h a n d  all the  car t i laginous  
fishes have  a t  least  2 neu rohypophys i a l  hormonesg,  la. I f  
i t  is a ssumed t h a t  a gene dupl ica t ion  has  occurred in 
ear ly  ve r t eb ra t e s  for giving 2 s imilar  pep t ides  in fishes 
and  h igher  classes, a single pep t ide  migh t  be found  for 
ins tance  in some species of the  p r imi t ive  class of Cyclo- 
s tomata ,  and Ser4-ArgS-oxytocin m i g h t  be a possible 
cand ida te  for th is  single neu rohypophys i a l  hormone .  

1 2 3 4 5 6 7 8 9 
Isotoein Cys-Tyr-Ile-Ser-Asn-Cys-Pro-Ile-Gly(NH2) 

Vasotocin Cys-Tyr- Ile- Gln-Asn-Cys- Pro-Ar__g-Gly(NH2) 

Ser4-ArgS-oxytocfn Cys-Tyr-Ile-Ser-Asn-Cys-Pro-Ar_g-Gly(NH2) 

Amino acid sequences of isotocin, arginine vasotocin and Ser4-Arg s- 
oxytocin 
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Table II. Molecular activities of some 4- or (and) 8-substituted analogues of oxytocin 

EXPERIENTIA 28/12 

Amino acids in positions 3, 4 and 8 Trivial names Rat oxytocic activity Chicken depressor activity Rat pressor activity 

Ile3-Glnt-Leu s Oxytocin 450 • 30 450 ~ 30 5 4- 1 
IleS-Ser~-Leu s 190 4- 30 220 4- 20 <0.1 
Ile3-Seri-Ile s Isotocin 145 4- 12 310 4- 15 0.6 4- 0.01 
Ilea-Serl-GIn s Glumitocin 7.8 4- 0.6 -- 0.4 4- 0.1 

Ile3-Glni-Arg s Arg-vasotocin 120 4- 16 300 4- 42 255 4- 16 
Ile~-Seri-Arg s 66 4- 15 311 4- 28 20.2 4- 3.4 

Ile3-Gln~-Lys s 80 4- 10 215 4- 3 133 4- 13 
PheS-Glni-Lys 8 Lys-vasopressin 5 4- 0.5 42 ~2 5 285 4- 21 
Phe3-Serl-Lys s 0.9 4- 0.2 10 4- 0.7 3.3 4- 0.5 

Values for synthetic substances, taken fromBERDE and BOISSONNAS 5, 2O except for glumitocin and Ser~-ArgS-oxytocin(present communication). 

A sample  of s y n t h e t i c  Ser~-ArgS-oxytocin  (Figure),  
k ind ly  suppl ied  b y  Dr. J6HL, was used for  t he  experi-  
men t s .  A m i n o  acid ana lys i s  of t h e  pep t i de  was car r ied  
ou t  accord ing  to  SPACX~AN et  al. 14 e i the r  w i t h  pe r fo rmic  
ac id-oxidized samples  or f i -mercap toe thano l - r educed  sam-  
ples. Hydro lys i s  is p e r f o r m e d  w i t h  6 N HC1 for 48 h a t  
105~ in  e v a c u a t e d  sealed tubes .  T he  resu l t s  are  g iven  
in  T a b l e  I. 

R a t  oxytociclS,  ch icken  depressor  1~ a n d  r a t  pressor  ~7 
ac t iv i t i e s  h a v e  been  m e a s u r e d  a n d  molecu la r  ac t iv i t i es  
(u. U.S.P./[xmote) h a v e  been  de t e r m i ned .  Tab le  I I  shows 
t he  va lues  for  Se r i -ArgS-oxy toc in  as well  as those  
p rev ious ly  found  for some ana logues  w i t h  s u b s t i t u t i o n s  
in  pos i t ions  4 or (and) 8, g iven  for  compar i son .  

Se r i -ArgS-oxy toc in  ha s  a n  oxy toc ic  a c t i v i t y  a b o u t  
hal f  t h a t  of a rg in ine  vaso toc in  b u t  i t s  pressor  a c t i v i t y  is 
a b o u t  12 t i m e s  weaker .  T he  s u b s t i t u t i o n  of ser ine for 
g l u t a m i n e  in pos i t ion  4 g rea t ly  affects  t he  l a t t e r  ac t iv i ty .  
This  f i nd ing  is in  a g r e e m e n t  w i t h  t he  d r a m a t i c  decrease  
of t he  pressor  a c t i v i t y  w h e n  ser ine  replaces  g l u t a m i n e  in 
lys ine  vasopress in  (Table  II) .  A l t h o u g h  th i s  is mere ly  an  
i n t e r c h a n g e  b e t w e e n  2 polar ,  neu t r a l ,  shor t  s ide -cha in  
residues,  t h e r e  is a s t rong  effect  on  pressor  a c t i v i t y  in 
c o n t r a s t  to  t h a t  obse rved  for oxy toc ie  ac t iv i ty .  

Oxytoc ic  a c t i v i t y  w i t h  a d d i t i o n  of m a g n e s i u m  ~s h a s  
also been  d e t e r m i n e d  ; t h e  r a t ios  of 3 biological  p roper t i e s  
to  oxy toc ic  a c t i v i t y  w i t h o u t  m a g n e s i u m  h a v e  been  
ca lcu la ted  for  Se r i -ArgS-oxy toc in  a n d  c o m p a r e d  to  those  
found  for ch icken  a rg in ine  vaso toc in  ~9 (Table  I I I ) .  

I t  can  be  seen t h a t  s u b s t i t u t i o n  in pos i t ion  4 s t rong ly  
a l te rs  t h e  ' pha rmaco log ica l  prof i le '  of a rg in ine  vaso toc in  
a n d  t he  d i s t i nc t i on  b e t w e e n  th i s  h o r m o n e  a n d  Ser~-Arg s- 
oxy toc in  is r e l a t ive ly  easy  on t he  bas is  of biological  
p roper t ies .  

B ioassays  p rev ious ly  m a d e  w i t h  ana logues  of lys ine  
vasopress in  in  wh ich  t h e  p h e n y l a l a n i n e  res idue  No. 3 is 

rep laced  b y  serine, t y ros ine  or t r y p t o p h a n  h a v e  s h o w n  
t h a t  p ressor  a c t i v i t y  is v i r t u a l l y  abo l i shed  whi le  t he  
r e p l a c e m e n t  b y  t h e  h y d r o p h o b i c  a l ipha t i c  isoleucine 
leads to  a decrease  of a b o u t  50% on ly  5,2~ The  subs t i t u -  
t ion  of g l u t a m i n e  in pos i t ion  4 b y  a l an ine  or ser ine 
des t roys  t he  pressor  a c t i v i t y  as well  as t he  s u b s t i t u t i o n  
of a spa rag ine  in pos i t ion  5 b y  ser ine 5, 20. 

A p p a r e n t l y  no  pos i t ion  is la rgely  ' open '  to  m u t a t i o n s  
w i t h  m a i n t e n a n c e  of t he  pressor  ac t iv i ty .  The  s t r i c t  f i t  
to  specific r ecep to r  m i g h t  exp la in  t h e  g rea t  s t a b i l i t y  oi 
a rg in ine  va so toc in  in t h e  course  of t h e  evo lu t ion  of non-  
m a m m a l i a n  v e r t e b r a t e s  a n d  of a rg in ine  vasopress in  in  
t h e  evo lu t ion  of m a m m a l s .  The  swi tch  of a rg in ine  vaso-  
toc in  to  a rg in ine  vasopress in  21 ha s  i n v o l v e d  a single 
s u b s t i t u t i o n  in pos i t ion  3 (pheny la l an ine  for isoleucine).  
The  consequence  is t h e  d i s a p p e a r a n c e  of t he  s t rong  
seconda ry  oxytoc ic  a c t i v i t y  of t h e  molecule  a n d  an  
increase  of the  p r e s so r - an t i d iu r e t i c  p roper ty ,  t h a t  m e a n s  
a b e t t e r  spec ia l iza t ion  of t he  ho rmone .  

Rdsumd.  Les propr i6 t6s  p h a r m a c o l o g i q u e s  de la  Ser ~- 
ArgS-ocytocine  (Ser i -vaso toc ine)  s y n t h 6 t i q u e  on t  6t6 
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SCHOFFENIEES; North Holland Co., Amsterdam 1971). 

Table III. Comparison of the ratios of pharmacological activities of Seri-ArgS-oxytocin and ArgS-oxytocin (arginine vasotocin) 

Peptide OMg++/O P/O D/O 

Glnl-ArgS-oxytocin (vasotocin) 2.12 • 0.28 1.64 ~- 0.41 2.50 • 0.30 

Serl-ArgS-oxytocin 4.83 i 2.06 0.29 J_ 0.05 4.91 4- 0.39 

sO, rat oxytocic activity without magnesiumlS; OMg ++, rat oxytocic activity with magnesiumlS; P, rat pressor activity17; D, chicken de- 
pressor activity1% Values for arginine vasotoein are taken from reference1% 
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6tudi6es.  L a  s u b s t i t u t i o n  en pos i t ion  4 de la g l u t a m i n e  
p a r  la s6rine d i m i n u e  c o n s i d 6 r a b l e m e n t  l ' a c t iv i t6  pres-  
s ique de la vaso toc ine ,  ce qu i  m o n t r e  l ' i m p o r t a n c e  de 

22 The authors are indebted to Dr. ALBERT JOHL (Ciba-Geigy Labora- 
tories) for a sample of synthetic Ser4-ArgS-oxytocin. They thank 
Mrs. CHRISTINE CAULLIER for ther skilled technical assistance. 

ce t te  pos i t ion  dans  les i n t e r ac t i o n s  en t r e  les h o r m o n e s  
n e u r o h y p o p h y s a i r e s  et  le r6cep teur  vasopress ique .  

JACQUELINE CHAUVET, MARIE-TH~RI~SE CHAUVET 
and R. A C H E R  22 

Laboratoire de Chimie Biologique, Universitd de Paris VI ,  
96, Boulevard Raspail, F -75  Paris 6e (France), 
29 May  7972. 

C h r o m o s o m e  R e p l i c a t i o n  in  C e l l s  o f  a C o n t i n u o u s  

Over  t he  p a s t  severa l  years  c o n t i n u o u s  cell l ines  
der ived  f rom a n u m b e r  of mosqu i to  species h a v e  been  
developed1-9.  A l t h o u g h  the re  is some d a t a  on  t he  chro-  
mosome  c o m p l e m e n t  of some of these  l ines 1,~,~,9,1~ i t  
appea r s  v a l u a b l e  to  h a v e  t he  karyo log ica l  cha rac t e r i za -  
t i on  of some of these  s t r a in s  as comple t e  as possible.  I n  
p rev ious  pub l i ca t ions ,  we h a v e  r epo r t ed  d a t a  on  t h e  
ka ryo logy  of 3 cell l ines  der ived  f rom e i the r  A edes aegypti 
or Aedes albopictus 19, and  on  t h e  p a t t e r n  of c o n s t i t u t i v e  
h e t e r o c h r o m a t i n  d i s t r i b u t i o n  in  t i ssue  cu l tu re  cells f rom 
the  l a t t e r  species ~1. Th i s  p a p e r  wil l  give i n f o r m a t i o n  on 
t he  p a t t e r n  of D N A  syn thes i s  b y  t he  c h r o m o s o m e  com- 
p l e m e n t  of t he  A.  albopictus cell line. 

S tud ies  were pe r fo rmed  in passage  162 of a cell lille 
(des igna ted  ATC-15) i n i t i a t ed  f rom f i rs t  i n s t a r  l a rvae  of 
t h e  mosqu i to  A.  albopictus (Skuse) b y  SINGH 2 and  g rown 
on t h e  m e d i u m  descr ibed  b y  h im.  Cul tures  in  t he  log 
p h a s e  of g r o w t h  were d iv ided  in to  2 groups  a n d  respec t iv -  
e ly  t r e a t e d  for 5 or 3 h w i t h  1 i~C/ml of 3 H T d R  (specific 
a c t i v i t y  6.9 C /mM) .  B o t h  groups  of cu l tu res  rece ived  
0.12 ~zg/ml of Colcemid 3 h before  ha rves t i ng .  Cells were 
r e m o v e d  b y  t ryps in i za t i on ,  h y p o t o n i c a l l y  t r e a t e d  a n d  
f ixed in 3 :1  e t h a n o l : a c e t i c  acid. C h r o m o s o m e  spreads  
were  o b t a i n e d  b y  a i r  d r y i n g  a n d  s t a ined  w i t h  ca rbo l  
fuchsin .  Slides were m o u n t e d  w i t h  AN10 K o d a k  s t r i pp ing  
f i lm a n d  exposed  for 10 days.  A u t o r a d i o g r a m s  were 
processed  a n d  ana lyzed  as descr ibed  elsewhere]2. 

The  ka ryo logy  of ATC-15 cells has  b e e n  r ecen t ly  
reported10,  n,  hence ,  i t  wil l  be  on ly  br ie f ly  m e n t i o n e d  
here.  The  c h r o m o s o m e  c o m p l e m e n t  is fo rmed  b y  3 pa i r s  
of m e t a c e n t r i c  chromosomes .  Fo l lowing  t he  usua l  n o m e n -  
c l a tu re  for  mosqu i to  ch romosomes  t h e  longes t  a n d  
s h o r t e s t  pa i r s  in t h e  set  are n u m b e r e d  3 a n d  1, respec t ive ly .  
A p p r o x i m a t e l y  48% of cells h a d  c h r o m o s o m e  a b e r r a t i o n s  
r a n g i n g  f rom c h r o m a t i d  gaps  to  open  or r e a r r a n g e d  
c h r o m o s o m a l  b reakages .  These  a b e r r a t i o n s  were  n o t  
r a n d o m ,  b u t  p re fe ren t i a l l y  loca ted  in t h e  p r o x i m a l  t h i r d  
of 1 a r m  in pa i r  1 a n d  in t h e  d i s ta l  t h i r d  of 1 a r m  in pa i rs  
2 a n d  3. The  inc idence  of po lyp lo idy  va r i ed  f rom 10 to 
18% 10. 

A u t o r a d i o g r a m s  o b t a i n e d  f rom the  5 and  3 h 3 H T d R  
t rea tment  showed  82 a n d  48% of labeled  mitosis ,  re- 

Fig. 1. Autoradiogram showing labeling all over the chromosome 
complement. Chromosomes are numbered. All photographs x 1,500. 

L i n e  D e r i v e d  f r o m  Aedes albopictus ( S k u s e )  L a r v a e  

spect ively .  Thus ,  a G 2 per iod  of a p p r o x i m a t e l y  3 h m a y  
be  a s s u med  for ATC-15 cells 13. T h e  a m o u n t  of s i lver  
gra ins  on l abe led  m e t a p h a s e s  was v a r i a b l e  a n d  al lowed 
one to  assemble  t h e  cells in  a series of con t inuous  de- 
c reas ing  r ad ioac t iv i ty .  M e t a p h a s e s  a t  t h e  b e g i n n i n g  of 
t h e  series showed  labe l ing  al l  ove r  t h e  c h r o m o s o m e  
c o m p l e m e n t  (Figure 1). I n  f u r t h e r  s tages  t h e  depos i t ion  
of s i lver  gra ins  on  t h e  ch ro mo s o mes  decreased  a n d  t h e  
absence  of l abe l ing  in t h e  pe r i cen t romer i c  a reas  of pa i rs  

�9 2 a n d  3, a n d  occasional ly ,  in t h e  midd le  t h i r d  of 1 a r m  in 
pa i r  1 was no t iced  (Figures 2 a n d  3). Af te rwards ,  un -  
labeled  areas  increased  in e x t e n t  a n d  in  m e t a p h a s e s  a t  t h e  
end  of t h e  series l abe l ing  was r e s t r i c t ed  to :  a) t h e  u p p e r  
ha l f  of one a r m  an d  t h e  d i s ta l  t h i r d  of t h e  o t h e r  in  pa i r  3 ; 
b) t h e  d i s ta l  ha l f  of b o t h  a r m s  in pa i r  2 ; c) t h e  d i s ta l  t h i r d  
of one a r m  a n d  t h e  p r o x i m a l  t h i r d  of t h e  o the r  in  pa i r  1 ; 
d) c e n t r o m e r e  of t h e  3 pa i rs  (Figures 4 a n d  5). P a t t e r n s  c) 
an d  d) were less c o n s t a n t  a n d  consp icuous  t h a n  p a t t e r n s  
a) a n d  b). 

The  heav i e s t  labeled  m e t a p h a s e s  arose m a i n l y  f rom 
cul tures  t r e a t e d  w i t h  3 H T d R  for 5 h. On t h e  o t h e r  h a n d  
m o s t  of t h e  m e t a p h a s e s  w i t h  less t h a n  h a l f  of t h e  com- 
p l e m e n t  labeled  s t e m m e d  f rom t h e  3 h t r e a t m e n t .  I n  cells 
c o n t i n u o u s l y  t r e a t e d  w i t h  3 H T d R  un labe led  c h r o m o s o m e  
areas  r ep re sen t  t h e  genome regions  wh ich  h a v e  f in ished 
rep l i ca t ion  before  t h e  isotope was added.  Thus ,  b y  t r e a t i n g  
d i f fe ren t  cell p o p u l a t i o n s  for va r i ab l e  t i m e  lapses  i t  is 
poss ible  to  o b t a i n  a sequence  of l abe l ing  p a t t e r n s  repres-  
e n t i n g  va r ious  s tages  of t h e  S phase.  I n  t h e  foregoing 
series, comple t e  labeled  m e t a p h a s e s  p r o b a b l y  arose f rom 
i n t e r m e d i a t e  s tages  of t h e  S per iod  in wh ich  m o s t  or all  
r ep l i ca t ing  un i t s  in  t h e  genome  are engage d in D N A  
synthes is .  On t h e  o the r  h a n d ,  r ad ioac t ive  regions  f rom 
p a r t l y  labe led  m e t a p h a s e s  i l l u s t r a t e  t i le  a reas  i nvo lved  in 
r ep l i ca t ion  du r ing  t h e  l a t e  a n d  f ina l  s tages  of t h e  S per iod  
(late r ep l i ca t ing  regions).  

I t  is p r e s e n t l y  he ld  t h a t  l a te  r ep l i ca t ion  is one of t h e  
m o s t  conspicuous  p roper t i e s  of h e t e r o c h r o m a t i n  14. Ac- 
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